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ABSTRACT 
The educational institute has been annoyed by timetabling problem for many years. The 
timtabling is difficult due to large amount Of StIb etJXams to be allocated intoeertaln 
timeslots at the same time fulfill all the hard constraints and some of the soft constraints 
(constraints are requirements of the timetable). In the timetabling research, there are 
various techniques/ algorithm has been used to solve the problem. However, most of 
them are applied to solve simpler timetabling problem which doesn't consider room 
capacity as constraints (or simplified the room capacity factor). 
In this thesis, an examination timetabling dataset that consider room capacity will be 
used which named Seconds International Timetabling Competition (ITC 2007); ITC, 
2007 has very
,
 well defined constraints and it is more completed compared to other 
dataset. 
One chosen technique which is Particle Swarm Optimization will be used to solve the 
ITC 2007 examination timetabling problem.
ABSTRAK 
Institut pendidik telah bertahuntahun diganggui masalah membuat jadual waktu. 
Membuat jadual waktu mi amat sukar kerana jumlah mata perlajaran / perperiksaan 
yang akan diperuntukan ke dalam slot masa tertentu disampingan mecapai kekangan 
keras and kekangan lembut. Dalam kajianjadual waktu, terdapat pelbagai teknik/ 
algoritma telah digunakan untuk meyelesaikan masalah tersebut. Walaubagimanapun, 
sebahagian besar kajian adalah digunakan untuk menyelesai masalahjaduaj waktu 
yang lebih mudah , iaitu kajian yang tidak menganggap kapasiti bilik sebagai 
kekangan (ataü mempermudahkan faktor kapasiti bilik). 
Dalam tesis mi, satu datasetjadual waktu peperiksaan yang bemama International 
Timetabling Competition (ITC 2007) akan digunakan. ITC 2007 mempunyai 
kekangan yang baik ditakrifdan ia lebih lengkap berbanding dengan dataset lain. 
Salah satu teknik yang dipilih adalah Particle Swarm Optimization akan digunakan 
untuk menyelesai masalah jadual waktu peperiksaan ITC 2007.
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CHAPTER 1 
INTRODUCTION 
1.1 Background of Study 
Examination timetabling problem has annoying educational institute for many 
years and it has been widely studied by many researchers. It concerns with the distribution 
of the university exams and also the timeslot. 
Examination timetabling problems can be divided into 2 types: capacitated and un-
capacitated. The researcher can solve the un-capacitated examinations problem with their 
techniques or algorithm easily and quick. However, this is difficult for capacitated problem 
because it consider the room capacity. Room capacity will be the hard constraints of 
capacitated examination problem and it makes capacitated problem look like real world. 
There are many solutions and algorithms can be used to solve this problem. While 
solving the timetabling problem, researcher have to fulfill certain constrains. The 
constraints can be divided into 2 types which are hard constraints and soft constraints. Hard 
constraints are the requirement of the timetable and it must be achieve, otherwise the 
timetable is not usable and will consider as a failure. An example of hard constraint is 
amount of student should not exceed room capacity. While soft constraints are the rules 
that are not necessary to fulfill. However, if you achieve as much soft constraint as possible, 
it will enhance the quality of the timetable. An example of the soft constraint is exams 
should be spread as evenly as possible.
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There is lesser researcher work on capacitated timetabling problem than un-
capacitated timetabling problem due to the difficulty. Another reason would be lack of 
dataset of capacitated problem. The researchers who are working on capacitated 
timetabling problem are concerned of room number and room's size because these 
constraints represent the increasing of complexity of the timetable. 
We will work on capacitated problem which is the International Timetabling 
Competition 2007 (1TC2007). There are some constraints in ITC 2007 which will be 
explained in detail later. Particle Swarm Optimization is chosen as.
 the technique to solve 
ITC 2007. 
1.2 Problem statement 
Many universities will agree on how hard it is to conduct an examination timetable. 
However, it can be solved by using the algorithm in computer science. 
The examination timetabling problem is one of the common timetabling problem. 
However, a lot of research of examination timetabling has been made with the Un-
capacitated dataset such as University of Toronto dataset. This doesn't really resemble the 
real world timetabling situation. There are also some capacitated dataset such as University 
of Nottingham and University of Melbourne dataset they combined the every room 
capacity as one. In real world, we should separate the room capacity individually. Thus, 
the research is not really practical. 
Our work will be focus on solving the 1TC2007 examination timetabling dataset 
practically. This capacitated dataset has several constraints that resemble real world 
situation.
3 
1.3 Research objective 
This research will be achieving three objectives: 
1. To study on the examination track of the Second International Timetabling 
Competition (1TC2007). 
2. To implement Particle Swarm Optimization method in solving the examination 
timetabling problem that satisfies all the constraints. 
3. To validate and verify the solution produced using Particle Swarm Optimization 
whether it satisfies all the constraints. 
1.4 Research scope 
In our research, we are going to study 1TC2007 timetabling dataset. This dataset 
has some constraints including room capacity and the room number. We are implementing 
Particle Swarm Optimization to develop a timetable for the dataset. 
1.5 Thesis Organization 
This research consists of 7 chapters. Chapter 1 is Introduction. Chapter 2 is 
literature review. Chapter 3 is methodology. Chapter 4 and 5 are design and 
implementation of the system. Chapter 6 is the result of the research and discussion of the 
research. Last, Chapter 7 is conclusion of the research.
CHAPTER 2 
LITERATURE REVIEW 
2.1 Overview of timetabling 
Timetabling is concerned about how the subject are allocated within the hinted 
timeslots. There are many kinds of timetable scheduling problems in the daily life, such as 
examination, lecture, and transportation timetable. For all of these timetabling problems, 
there are constraints that needed to be satisfied while solving these timetabling problems. 
The constraints of timetabling can be categorized into hard constraints and soft 
constraints. Hard constraints are rules the timetable must follow. A timetable is usable only 
if all hard constraints are achieved. Soft constraints are not necessary to be followed but it 
is encouraged to fulfill as much as possible. This will enhance the quality of the timetable. 
However, it cost us more effort to handle soft constraints.
4 
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2.2 University timetabling problems 
The very common timetabling problems in University are course timetabling and 
exam timetabling. They both take a lot of time and manpower to conduct manually. Prevent 
allocating students to sit two examinations/courses at the same time is the first priority of 
timetabling. However, examination timetabling and course timetabling have some 
difference between each other. First, course timetabling and exam tinietabling have 
significant difference in their constraints. The differences of the constraints will be 
presented on Table 2.1 and Table 2.2. 
Other than the constraints, we can differentiate examination timetabling and course 
timetabling by the way of construction. There are 3 noticeable construction can help us 
which are environment of the process, modeling and scheduling instances. For exam 
timetable, it is conducted by the academic office while course timetable is conducted 
independently by school. Their process environment is different. In modeling, exam 
timetable was conducted based on amount of student that are taking the exam. While course 
timetable was conducted based on amount of student and amount of course. For the 
scheduling instances, exam timetable was conducted based on offered course and course 
timetable was conducted based on offered course as well as lecturer's available session. 
Many Universities allows student to arrange the timetable themselves by system 
Open Registration, this increased the complexity of scheduling the timetable. The 
complexity is relevant to the degree of freedom given to student to arrange the timetable 
themselves.
Table 2.1 Some constraints of Course Timetabling problem 
Hard constraints 
1. No student or lecturer is allowed to participate in more than one course in 
the same time. 
2.A classroom can only have one course at a timeslots. 
3.The participant numbershould less than the space available inthe 
classroom. 
4. The classroom assigned tothe course should satisfytbe features requited by 
thecourse. 
Soft constraints 
5. Students should have more than one course in each day. 
6.A course should schedule tothe final timesiotof each day. 
2.3 Examination timetabling 
In this research, my main focus is on solving Examination timetabling problem. 
Examination timetable plays a huge role in educational institution. It should be conducted 
very carefully in order to avoid clashing schedule and cause trouble to student or lecturer. 
The main task of examination tabling is to allocate the examinations into certain 
rooms and timeslots. At the same time, the timetable should follow all the constraints. 
Table 2.2 shows some examples of constraints in examination timetabling problems.
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Table 2.2 Some constraints of Examination Timetabling problems 
Hard constraints 
1. No exams with common resources (student) assigned simultaneously. 
2. The resources of theexaminatiors should be enough (size of the room, 
rumber of room). 
Soft constraints i
3. Spreadingexarns aseven as possible. 
4. All the examination should be scheduled and schedulethe largest exams as 
soon as possible. 
5. tirnitthe numberol student in any timestot. 
6. Exarninationmat has similartimelength can be assigned in a similar room. 
7. Time requirements (exams (not) to be in certain timeslots). 
8. Examinatlonsto beconsecutive 
9. Ordering (precedence) of exams need to be satisfied. 
10. Examination that having conflict in same day should be located nearby. 
2.3.1 Main objective of examination timetabting and its constraints. 
There are a lot of examination timetabling constraints because different institution 
might have different request. More than that, the person who related to timetable always 
have different preference on the timetable. For example, student will demand examination 
being spread evenly in order to give them times to do their revision. 
These constraints should be achieved if possible in order to create high quality 
timetable.
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2.3.2 Capacitated & un-capacitated problem in examination timetabling. 
In the timetabling field, most of the researchers are working on the un-capacitated 
problem. This is because un-capacitated problem doesn't consider room capacity as 
constraints so it is easier to study and investigate. However, capacitated problem more 
resemble the real world situation because it is impossible for an educational institute to 
have unlimited space for exam. Capacitated timetabling problem is so much difficult than 
un-capacitated timetabling problem. 
Capacitated problem requires more comprehensive data such as examination list, 
student list. This extra information is difficult to gather. And the main cause to the difficulty 
of scheduling timetable is lack of available room. 
Burke, Newall and Weare, (1996) modified Toronto dataset to make it more 
resemble the real world timetabling situation. The modified Toronto dataset includes an 
overall capacity as if all exams were placed in a one big room. This represents the 
simplification of the timetabling problem since we would have to consider only one room's 
capacity. 
2.4 Examination timetabling dataset. 
There are a lot of timetabling datasets in the community. The most common dataset 
are University of Toronto, University of Nottingham and University of Melbourne. Other 
than that, we have UKM examination datasets and U1TM examination dataset. In 2008, 
McCollum et al (2008) introduced the Second International Timetabling Competition (ITC 
2007). This dataset have more realistic problem as it consider the room capacity compared 
to other datasets. 
There are a lot of research on the un-capacitated problem, mainly concentrate on 
the algorithms and the performance of that algorithm. The result will be observed to see 
whether the algorithm is capable to produce the timetable effectively and quick enough.
Most of the researchers on un-capacitated timetabling are not dealing with all 
aspects of the timetabling problem, they work on simplified examination timetabling 
problem instead; The simplified examination timetabling problem only includes some very 
common hard constraints and soft constraints. 
2.4.1 University of Toronto dataset 
The Toronto dataset have 13 real-world exam timetabling problems. To allow, 
genuine comparison between the scientific communities, problem instances of the Toronto 
dataset are classified into I and also II by Qu et al, (2009). The University of Toronto 
dataset was introduced by Carte, Laporte and Lee, (1996). They investigated two variants 
of the objectives with the purpose to minimize the number of timeslots needed for the 
problem and to minimize the sum of approximate costs per student. In 2001, Di Gaspero 
and Schaerf used Tabu Search with only consider constraints conflict to solve this Toronto 
dataset. Burke, Newall and Weare, (1996) had added some new aim to the Toronto dataset. 
They made count of maximum amount of the room capacity per timeslot and second-order 
conflict of same day constraints. Merlot et al. (2003) solved Toronto dataset by using the 
hybridization of Constraint Programming, Hill Climbing and Simulated Annealing. Table 
2.3 shows the information of Toronto dataset.
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Table 2.3 Toronto Dataset (Qu et al., 2009) 
Problem 
-Instance
Exams Students Enrollments Conflict 
 Density  
Timeslots 
ca r.91 :1 682 16925 56877 0.13 35 
'car9l11 682 16925 56242/56877 0.13 35 
car92 I 543 18419 55522 0.14 32 
car9211 543 18149 55189/55522	 -- 0.14 32	 - 
ear83l 1 190 1125 8109
- 
10.27 24 
ear83 If 189	
- 1108 8014	 -	
-
- 
0.27 24 
hec92 I 81	
- 2823 10632	 - - 0.42 18 
hec92 If 80 2823 10625
-	
- 
1042 18 
kfu93 461 5349 25113 003 42 
tse9i	 - - - 
-
381 2726	
- 10918 0.06 18 
pur93 I 2419 30029 120681 0.03 42 
pur93 If 2419 30029 120686/120681 0.03 42 
rye92 486 11483 45051 0.07 23 
sta83 I 139 1611 5751 0.14 13 
sta83 II 138 549 5689 0.14 13 
tre92 261 4360 14901 10.18 23 
uta92 t 622 21266 58979 0.13 35 
uta92 II 638 21329 59144 10.13 35 
ute92 184 2749 11793 0.08 10 
yor83 I 181 941 6034 0.29 21 
yor83 II 180 919 6012 0.29	 121
2.4.2 Dataset of University of Melbourne 
The University of Melbourne dataset was first brought to public by Merlot et al., 
(2003). Melbourne dataset has 2 timeslots for weekday. The timeslots have different 
capacity which timeslots I has 28 while timeslots II has 31. The dataset also included some 
time constraints where the exams can only be assigned to certain time period or the exam 
can only held in certain session only. Melbourne dataset was focus on minimize some 
conflicts such as exams on the same day. Table 2.4 shows some information of the 
University of Melbourne examination dataset. 
Cote, Wong and Saboun, (2005) and Merlot et al., (2003), investigated the 
Melbourne dataset using a bi-objective evolutionary algorithm where Tabu Search and 
Variable Neighborhood Decent were utilized. 
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Table 2.4 University of Melbourne datasets 
Problem 
Instance
-
Exams Students Enrollments Tirneslots 
521 20656 62248 28 
It 526 19816 60637 31 
2.4.3 Dataset of University of Nottingham 
Merlot, Boland, Hughes and Stuckey introduced dataset of University of 
Nottingham at the PATAT conference in 2002. In this dataset, the total number of student 
assigned for each timeslot cannot be more than the total room capacity. The aim of this 
dataset is to minimize the students sit exams in a row. 
In 1999, Burke and Newall used Graph Heuristic with the aim of avoiding second-
order conflicts on the same day. In 2003, the same method was used by Merlot on this 
dataset. In addition, Burke solved the Nottingham dataset by using Great Deluge Algorithm 
in 2004. Table 2.5 shows some information of the University of Nottingham examination 
dataset.
Table 2.5 University of Nottingham datasets 
Exams Student Enrollment Conflicts 
Destiny
Timeslots Capacity 
800 7896 34265 0.03(3%) 23 1550
2.4.4 Dataset of University Kebangsaan Malaysia (UKI'I) 
Ayob et al., (2007) introduced a capacitated timetabling dataset - UKM dataset. 
The data presented is real data for undergraduate exam in UKM for Semester I, year 2006. 
The constraints of this dataset are all exams must be scheduled and student should not be 
allocated into exams at the same time. More than that, this dataset requires some exam to 
be held in certain room. Next, students should be assigned into the same room if they are 
having consecutive exams. The main objectives of UKM dataset are to avoid letting student 
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have consecutive exams in the same day and to evenly spread the exams of each student. 
Table 2.6 shows the information of the UKM dataset and Table 2.7 shows the room 
capacity of this dataset. 
Table 2.6 University Kebangsaan Malaysia datasets (UKTvI06-01) 
Exams Student Enrollment Tirneslots Capacity Numberof 
Exams' days 
818 14047 175857	 1142 1550 15 
Table 2.7 Room capacity of dataset UKM06-01 
Room Room Capacity 
DPBestarii 850 
OGernitang 1610 
0ewanDETAR) 1610 
LobiUtamaOETAR) 270 
Pseni(DETAR) 152 
LobiA(DECTAR) 70 
Lobi8(DECTAR) 70
2.4.5 Dataset of University Teknologi MARA (UiTM) 
The MARA University of Technology (UiTM) is the largest university in Malaysia. 
Its total number of students was about 100,000. 
The UiTM dataset is a capacitated timetabling problem. It was introduced by 
Kendall and Hussin (2004). There are some rules of this dataset. First, all the exams must 
be scheduled. Next, it doesn't allow a timetable that have student sit for more than one 
exam at the same time. The main objective is to spread the exams evenly and avoid having 
exams in weekend. Table 2.8 shows the information of the UiTM examination dataset. 
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Table 2.8 University Teknologi Malaysia (U1TM) dataset 
Exams Students Enrollments Timeslots 
2063 84675 1357761 140
246 Second International Timetabling Competition (ITC2007) dataset 
The Second International Timetabling Competition (1TC2007) was introduced to 
attract research on techniques concerned timetabling problems encountered within 
educational institutions. ITC 2007 is a platform to let researcher apply their algorithm or 
techniques on conducting a timetable that resemble real world situation. 
1TC2007 consists of 3 tracks: I examination timetabling and 2 on course 
timetabling. In our research, we only investigate the examination track. 
The constraints in ITC 2007 are very well defined and rather comprehensive. This 
mean ITC 2007 is more resemble the real world situation as it considers room capacity. 
There are a lot of techniques has been applied to solve ITC 2007 such as Iterated 
Forward Search, Hill Climbing and Great Deluge Algorithm by McCollum et al., (2008); 
Gogos, AleFragis and Houses (2008) from Japan uses a multistage approach that uses 
GRASP, Simulated Annealing and Mathematical Programming to solve it. 
Table 2.9 shows some information of ITC 2007. Table 2.10 shows the hard 
constraints of ITC 2007 and Table 2.11 shows the soft constraints of ITC 2007. 
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Table 2.9 Second International Timetabling Competition dataset. 
Instance Conflict - 
Density  
Exams Students Periods Rooms Period HC Room HC 
Exam-1 SOS 607 7891 54 7 12 0 
Exam-2 1.17 870 12743 40 49 12 2 
Exam-3 2.62	 - 934 16439 36 48 170 15 
Exam-4 15
--
273 5045 21 1 40 0 
Exam-5 0.87 1018 9253 42 3 27 0 
Exam-6 6.16 242 7.90916 8 23 0 
Exam-7 193 1096 14676 80 15 28 0 
Exam-8 4.55 598	 - 7718 80 8 20 1 
Exam-9 7.48 169 1655 25 3 10 0 
Exarn-10 4.97 214 1577 32 48 58 0 
Exam-11 2.62 934 16439 26 140 170 1 15 
Exam-12 18.45 78 1 1653 112 150 19 1 7 
Table 2.10 Hard constraints of ITC 2007. 
Hard 
Constraints
- - Hi Student cannot sit more than one exam at the same time. 
Room capacities are always respected. 
H3 The exam length should not violate the thneslot length. 
H4 A sequence or ordering of an exams must be respected, e.g.. schedule 
Exam A after Exam B; 
H5 Schedule exam into specified room (room related hard constraints) e.g. 
Exam A should schedule to Room ii.
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Table 2.11 Soft constraints of 1TC2007. 
Soft 
Constraints 
Si Two exams in a row minimize student sitting consecutive exams in the 
same day.. 
S2 Two exams in a day: minimize student sitting more than two exams in a 
day (only applied if more than two timeslot per day). 
S3 Spreading ofexam Each set of student examinations should be spread 
as evenly as possible over the exam period. 
S4 Mixed duration: minimize number of exams with different duration that 
are scheduled into the sane room -
S5 Larger examination schedule late in the timetable.- minimize the 
number of large exams appear 'late' of the timetable. 
S6 Period penalty: minimize the number of exams scheduled in period 
with penalty. 
S7 Room penalty: minimize the number of exams scheduled in room with 
penalty.
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2.4.7 Summary of datasets 
After viewing various dataset, we shall make a comparison and summary of them 
Table 2.12 show the summary of various dataset. 
Table 2.12 Summary of datasets 
Constraints Toronto Nottingham Melbourne UKM 1TC2007 
Clash free Hard Hard 
-	 -
Hard Hard Hard 
Scheduled all exams - Soft Soft Hard 
Exam preference - - Hard (ri) - Hard(th) 
-	 Specified Softqf) 
arrangement: so 
-	 Specified room: sr 
-	 Large exam schedule 
first if 
-	 Restriction on exam in 
particular timeslot	 Ft 
-	
Scheduled combined 
exam in the same 
thneslots: Ct 
Consecutive exam Soft soft Hard Soft 
-	 Two exam in a row2 d & 2n) (2d & 2n) (3d) (2r and 
Two exam inathy2d Soft 24 
-	 Two exam in a row (2r) 
oveirnight:2n 
-	 Three exam ina 
&y-3d
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Constraints Toronto Nottingham Melbonr.e 11KM 1TC2007 
ThflSk)t preference - - -
- Soft(tu) 
-	 Minimise/avoid usage 
:tu 
Thneslot length - - -
- Hard 
-	 Mixed duration of Soft(mt) 
exams in one timeslot 
rnt 
Spreading Soft Hard (ss) Soft Soft Sofl(ss) 
-	 Specified spread ss 
Room distance - - - - - 
No sharing of room with other - - - Hard - 
exams (se) 
-	 For specified exam 
only: se 
Room Preference - - - Hard Hard(sr) 
-
	 Consecutive exam Soft (ru) 
schedufed in the same 
room: Cr 
-u
-	
Minimis/ avoid 
usage: ru 
-
	 Specified room:sr 
Split exam into different - - - - - 
rooms 
-	 Same bnffding onl 
sb 
-	 As dose as ossille 
cp 
Capacity - Hard(ts) Hard(u) Hard( Hard(w) 
-	 Total seats. ts ts and 
-	 Individual room: ir ir)
Slant =Hczrd constraint; Soft =Soft constraint;shaded cell ccostraintnot considered. 
